Summary. High-density lipoprotein (HDL) cholesterol levels were decreased in patients with non-insulin dependent diabetes at diagnosis when matched with a control population for sex, age, obesity, alcohol consumption and cigarette smoking. There was no association between serum HDL-cholesterol concentration and the percentage of glycosylated haemoglobin A1 (HbA0. Serum HDL-cholesterol levels were lower in diabetics over the whole range of serum triglyceride levels, and particularly in hypertriglyceridaemic diabetics. Serum apolipoprotein A-I levels were not decreased in diabetics with normal serum triglyceride levels, so that the ratio of HDLcholesterol to apolipoprotein A-I was significantly decreased in diabetics (p < 0.005). Decreased HDLcholesterol levels in non-insulin dependent diabetes could be relevant to the subsequent development of atherosclerosis.
Atherosclerosis is an important cause of premature mortality and morbidity among patients with both insulin-dependent and non-insulin dependent diabetes mellitus. Following the demonstration of a negative association between the risk of developing coronary heart disease and the serum HDL-cholesterol concentration in non-diabetic individuals [1] , serum HDL-cholesterol levels in patients with diabetes have been measured by several investigators [2, 3, 4] . However, patients were not matched with randomly selected controls from a non-hospital population for age, obesity, alcohol consumption and cigarette smoking -all factors which have been shown to affect the serum HDL-cholesterol concentration [1, 5, 6, 7] , or patients were studied retrospectively while receiving dietary or drug therapy. It is possible that the diets and drugs used to treat diabetes have an effect on HDL-cholesterol levels. Thus, treatment with sulphonylureas is associated with reduced serum HDL-cholesterol levels [3] .
The purpose of our study was to establish whether patients with non-insulin dependent diabetes have decreased serum HDL-cholesterol levels at diagnosis by comparing them with a non-hospital population matched for the above factors. Furthermore, we wished to compare apolipoprotein A-I and HDL-cholesterol in non-insulin dependent diabetics and controls, following the previous finding that HDL-cholesterol levels were decreased, but apolipoprotein A-I levels unchanged in treated diabetics [2] .
Materials and Methods

Populations
One hundred and thirty-one newly presenting patients under the age of 65 years, consecutively attending the diabetic clinic, were selected for the study if their random capillary blood glucose was above 10 retool/1 and their fasting capillary blood glucose was above 7 mmol/1. The purpose of the study was explained and if verbal consent was given they attended an early morning clinic after a 12 h fast, when blood was collected for determination of serum total cholesterol, triglyceride, HDL-cholesterol, apolipoprotein A-I and nbA 1. A medical history was taken, including tobacco and alcohol consumption, and full clinical examination performed. Patients were excluded if they were receiving thiazide diuretics, beta-blockers or the contraceptive pill, or if there was laboratory evidence of renal or hepatic impairment.
The control population consisted of 408 individuals selected randomly from the workforce of a local factory. All these subjects were under 65 years of age, known diabetics were excluded and all 0012-186X/81/0020/0535/$01.00 Numbers of subjects in parentheses, a p < 0.05
had fasting blood glucose concentrations less than 6 mmol/l. They were interviewed by a registered nurse about smoking, alcohol consumption and whether they were receiving any of the abovementioned drugs. Height and weight were recorded at this time.
Blood was collected from these controls after a 12-h fast for the same determinations as in the diabetics. The diabetics were matched with the controls using a computer programme for sex, age within 5 years, obesity (expressed as percent desirable weight) within 10%, alcohol consumption and smoking habits. Percent desirable weight was derived from tables (Documenta Geigy, 1973). Alcohol consumption was classified into four groups: non-drinkers, light drinkers (one drink every day or one drinking session per week), moderate drinkers(two drinks every day or two drinking sessions per week) and heavy drinkers (more than two drinks every day or more than two drinking sessions per week). A non-smoker was a person who had not smoked for five years. All others were classified as smokers, so that the smoking group included subjects who had recently stopped smoking as well as current smokers. The groups were of comparable age and percent desirable weight ( Table 2 ).
The populations of diabetics and controls were divided into three groups on the basis of serum triglyceride concentrations: those subjects with serum triglycerides < 1.5 mmol/1, 1.5-3.0 mmol/l and > 3.0 mmol/1 (Table 3) .
Assays
Serum triglycerides were measured using an automated enzymic procedure [8, 9] . Serum total cholesterol was measured by a manual enzymic procedure [10, 11] and HDL-cholesterol by the same technique after precipitation of the very-tow-density and lowdensity lipoproteins (VLDL and LDL) using a sodium phosphotungstate-magnesium chloride reagent [12, 13] . The intra-and inter-assay coefficients of variation for serum HDL-cholesterol were 1,5% and 3%, respectively. To ensure completeness of precipitation of VLDL and LDL, representative HDL-containing supernatant fluids were checked to see they did not contain apolipoprotein B [14] . Apolipoprotein A-I was measured by onedimensional electroimmunodiffusion on whole serum [14] . Intra- Numbers of subjects in parentheses, a p < 0.05; b p < 0.0I Number of subjects in parentheses. Significance of difference determined by Mann-Whitney U test. a p < 0.005 and inter-assay coefficiens of variation for serum apolipoprotein A-I were less than 10%. The percentages of glycosylated haemoglobin (HbA 0 present in haemolysates of blood from the diabetic patients were determined using a modification of a microcolumn method [15] .
Statistical Analyses
Results are presented as mean + SD. The data were analysed using a statistical computer package implemented on the University of Birmingham's ICL 1906A machine. Comparisons between means were made with Student's unpaired t test after it had been shown that the distributions of the data were statistically reasonably normal.
Results
Both male and female diabetic patients had lower HDL-cholesterol levels than the controls (p < 0.001) ( Table 1 ). There was, however, no significant difference in serum apolipoprotein A-I concentrations. The diabetics were significantly older, more obese and more hypertriglyceridaemic than the controls. However, in the matched diabetics and controls there was no significant difference between the serum triglyceride levels, and yet serum HDL-cholesterol levels remained lower in both male and female diabetics when compared to controls (p < 0.05) ( Table 2 ). Once again the serum apolipoprotein A-I levels ,,','ere not significantly different. When the diabetic patients and controls were divided into three groups according to serum triglyceride levels, the diabetics had lower HDL-cholesterol levels over the whole range of triglyceride concentrations, although the differences did not always reach statistical significance in both sexes. In none of the groups was there a significant difference in mean triglyceride levels between controls and diabetics (Table 3) . When serum triglycerides exceeded 3 mmol/1, HDL-cholesterol levels were significantly lower in the diabetics, both male and female. Differences in serum apolipoprotein A-I levels only paralleled differences in serum HDL-cholesterol in females with triglycerides exceeding 3.0 mmol/1.
The ratio of HDL-cholesterol to apolipoprotein A-I in the matched diabetics and controls, as shown in Table 4 , was significantly lower in the diabetics (p < 0.005).
There were no significant correlations between %HbA 1 and serum HDL-cholesterol or apolipopro-tein A-I levels, nor were fasting blood glucose levels correlated to serum HDL-cholesterol or apolipoprotein A-I concentration.
Discussion
The highly significant difference between serum HDL-cholesterol levels in patients with non-insulin dependent diabetes and controls (Table 1 ) has been shown in earlier studies [2, 3, 4] , but these studies did not examine patients at the time of diagnosis, before therapy had commenced. The diabetic patients were approximately a decade older than the controls and significantly more obese. In an earlier study on the control population we have shown that serum triglyceride levels increase with age, although there was no relationship between serum HDL-cholesterol and age [17] . In men there was a significantly positive correlation between serum triglyceride levels and obesity expressed as percent desirable weight, but this was not seen in women. No relationship was demonstrated between HI)L-cholesterol and obesity. Furthermore, there was an inverse relationship between HDL-cholesterol and triglyceride in both sexes, as shown by other workers [16] . Thus, the differences between HDL-cholesterol levels in patients with diabetes and the controls could be explained on the basis of higher triglyceride levels in the diabetics, due to their being older and more obese than the controls. However, when 83 patients with diabetes were matched with a control group for age, obesity, alcohol consumption and smoking habits, the diabetic group still had reduced mean serum HDL-cholesterol levels, albeit at a lower level of significance (p < 0.05). There was no significant difference between the serum triglyceride levels of the two groups, making it unlikely that this could account for the differences in serum HDL-cholesterol, but both diabetics and controls had rather high mean triglyceride concentrations. In order to examine the effect of diabetes alone on serum HDL-cholesterol, diabetics and controls were grouped according to the serum triglyceride concentration (Table 3) . Male and female diabetics with serum triglycerides above 3.0 mmol/1 had significantly lower HDL-cholesterol levels than comparably hypertriglyceridaemic non-diabetic controis. The trend was similar in the mildly hypertriglyceridaemic and normotriglyceridaemic ranges, although differences in HDL-cholesterol were not always significant. The diabetics with severe hypertriglyceridaemia had the lowest HDL-cholesterol levels. These data suggest that non-insulin dependent diabetes and hypertriglyceridaemia are independently associated with decreased HDLcholesterol levels and that a combination of both factors is associated with even lower levels. This could be important, because hypertriglyceridaemia is commonly associated with untreated or poorly controlled diabetes [18, 19] . Non-insulin dependent diabetes may be present for a considerable time before diagnosis, and during that time the patient may be exposed to severely decreased HDL-cholesterol levels. It is unlikely that differences in physical activity could account for the differences in HDL-cholesterol levels between diabetics and controls, as none of the diabetics were seriously incapacitated by vascular disease, which might have reduced physical activity. A study of the relationship between physical activity and HDL-cholesterol in the controls showed no correlation, possibly because none of the controls were taking any vigorous exercise, such as long-distance running.
Only in severely hypertfiglyceridaemic females was the serum apolipoprotein A-I level significantly lower in diabetics. This is surprising, considering that this apolipoprotein is a major constituent of HDL [20] [21] [22] [23] . This divergence between HDL-cholesterol and apolipoprotein A-I levels may reflect a difference in the HDL of untreated patients with non-insulin dependent diabetes compared to non-diabetic controls. It has been shown that HDL is composed of subfractions HDL 2 and HDL3 [24] , and there is evidence that HDL 2 may be the subfraction protecting against the subsequent development of atherosclerosis [25] . HDL 2 has a higher ratio of cholesterol to total apolipoprotein A than HDL 3 [26] . The mean ratio of HDL-cholesterol to apolipoprotein A-I was significantly lower in male and female non-insulin dependent diabetics compared to matched controls (p < 0.005), and a possible explanation of this difference is that the diabetic patients have reduced levels of the protective subfraction HDL 2.
The enzyme lipoprotein lipase may have a role in the formation of HDL. In one study in man a signficant positive correlation was shown between HDLcholesterol and the activity of lipoprotein lipase in adipose tissue [27] . This enzyme is responsible for catabolising VLDL-tfiglyceride, and apolipoprotein C is transferred from VLDL to HDL at this time [28] . Patients with non-insulin dependent diabetes have been shown to have reduced activity of lipoprotein lipase in adipose tissue, which increases after treatment with insulin [29] . It is possible that reduced activity of lipoprotein lipase in adipose tissue, perhaps secondary to insulin resistance, may account for both the decreased HDL-cholesterol levels and the hypertriglyceridaemia seen in non-insulin dependent diabetes.
Thus, serum HDL-cholesterol levels are decreased in newly presenting non-insulin dependent diabetics and there is no association with the degree of hyperglycaemia. The association between this type of diabetes and decreased HDL-cholesterol levels is more pronounced with concomitant hypertriglyceridaemia. Decreased HDL-cholesterol levels may be a factor contributing to premature atherosclerosis, and a follow-up study currently in progress should assess the effects of conventional therapy. The mechanism of decreased serum HDL-cholesterol levels in non-insulin dependent diabetes requires further investigation.
